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ABSTRACT 

A continuing upper Copper River salmon escapement enumeration project  was 
conducted a t  Miles Lake in 1984 and 1985 u t i l i z i ng  side-scanning sonar 
equipment deployed on t he  north and south banks of the  r i ve r .  Upriver 
sockeye (Oncorhynchus nerka) escapements were estimated a t  536,806 and 
436,313 f i s h  f o r  1984 and 1985, respectively.  Unusually low water l eve l s  
experienced ear ly  in the  1984 season were associated with the  highest 
percentage contribution of north bank counts ever observed in  t he  eight-year 
h is tory  of t he  project .  Rising water l eve l s  were successfully corre la ted 
with the  decl ine  in t he  north banks percent contribution ( r  = -.881). The 
resu l t ing  inverse log re la t ionship  was used t o  est imate missing counts. 
There were no comparable low water conditions in 1985, and consequently the  
inverse re1 a t ionship  did not hold. Considerable e f f o r t  was expended t o  
improve the  r e l i a b i l i t y  of the  north bank sonar counts, including the 
implementation of a g i l l  net  sampling program and the  development of 
mechanical transducer ro t a to r  assembly f o r  subs t ra te less  sonar deployments. 
Test f i sh ing  da ta  i n  1984 demonstrated presence of coho salmon i n  the  sonar 
counts s t a r t i n g  on 30 July.  Daily percent coho salmon i n  t e s t  net  catches 
varied widely but averaged 18% from 30 July  through 5 August. Migratory 
timing s t a t i s t i c s ,  mean date ,  and variance were caleul ated f o r  a1 l years of 
sonar data ,  1978-1985. Historical  sonar c ~ u n t  data  and water l eve l s  i s  
presented in tabular  and standardized graphic formats, 

KEY WORDS: Copper River, salmon, escapement enumerati on, Mi 1 es  Lake, s ide-  
scan sonar, migratory timing. 



FOREWORD 

A comprehensive Copper River salmon investigation program began in 1967 with 
catalog and inventory studies conducted annually by the Division of 
Commercial Fisheries of the Alaska Department of Fish and Game. Funding was 
provided by the National Marine Fisheries Service from 1 July 1967 through 
30 June 1981 under the authorization of the Anadromous Fish Conservation 
Act. Subsequent to 1 July 1981, the project has continued under funds 
provided solely by the State of Alaska. 

Early inventory and assessment projects, focusing on Copper River sockeye 
salmon (Oncorhynchus nerka) ,  included a tagging study using fish wheels in 
Wood Canyon (1966-1973) and at Miles Lake (1969-1973), a test fishery on the 
Copper River Delta (1967-1969), as well as other assessment projects 
including weirs, counting towers, and sonar deployments on upper Copper 
River tributaries and Eyak River. The tagging study provided val uabl e 
information on migration rates as well as annual population estimates but 
due to funding levels was dropped in 1974 to allow investigations to branch 
into other areas. In 1978, the first attempt to provide a total enumeration 
of upper Copper River salmon escapements utilizing sonar technology took 
place at the outlet of Miles Lake. In the wake of a dramatic decline in 
sockeye salmon abundance, the timely implementation of this successful 
project resulted in its immediate incorporation into the management 
structure for the Copper River commercial fishery. It is now permanently 
established as an ongoing program integral to the management of the 
commercial sockeye salmon fishery, which in recent years has grown to a 
value in excess of six million dollars (Randall et al. 1985a and 1985b). 

The Copper River fisheries investigations have been summarized annually in a 
series of Anadromous Fish Conservation Act completion reports and ADF&G data 
reports listed in the reference section of this report under the following 
primary author names: Fridgen, Larson, Roberson, and Merritt. In addition to 
Copper River salmon stock assessment, the report series covers a broad range 
of additional topics. Much of this information, such as age structure and 
aerial survey data are now more comprehensively reported in the ADF&G 
Technical Data Report series and the Annual Management Report series. This 
report departs somewhat from the original series, narrowing the scope to 
focus specifically on the hydroacoustic assessment program located at Miles 
Lake on the Copper River. Data are presented for the 1984 and 1985 field 
seasons, along with a historical treatment of data since the project's 
inception in 1978. 



INTRODUCTION 

The Copper River and its complex delta (Figure 1) form a large spawning 
system utilized extensively by sockeye salmon and to a lesser degree by 
chi nook (Oncorhynchus tshawytscha) and coho (0. k isutch)  salmon. Pink (0.  
gorbuscha) and chum salmon (0.  keta) are also present but at insignificant 
levels. A commercial drift gill net fishery at the mouth of the Copper River 
harvests a mixture of these salmon stocks. Current identification work 
assigns the Copper River commercial sockeye salmon catch into two major 
stock components; delta stocks, consisting of the coastal systems flowing 
south of the Chugach Mountains between Eyak Lake and the Bering River, and 
upriver stocks, consisting of all tributaries flowing into the main stem of 
the Copper River above Miles Lake (Sharr 1984). The upriver component, 
generally the stronger of the two, is monitored by the sonar project at 
Miles Lake. Many of these upriver stocks are subject to further harvest 
exposure in the subsistence dipnet fishery at Chitna and the subsistence 
fishwheel fishery on the Copper River upstream of Chitna. 

The Copper River is rated as the third largest in Alaska, and drains a 
significant number of the state's major glaciers flowing out of the Chugach, 
Alaska, Wrangell, and St. El ias Mountain Ranges. Inherent in dealing with 
glacial systems are problems in location and enumeration of salmon along 
their migration route and on the spawning grounds. The primary goal of the 
Miles Lake sonar enumeration project is to provide timely within-season 
assessment of upriver sockeye salmon escapements to be applied directly to 
the day to day management of the commercial and subsistence fisheries. As a 
secondary objective, post season escapement estimates provide a basis for 
forecasts of subsequent returns and the establ i shment of escapement goal s. 

Real-time escapement assessment became possible in 1978, with the deployment 
of a single side-scanning sonar salmon counter on the south bank of the 
Copper River at the outlet of Miles Lake (Million Dollar Bridge site) 
approximately 53 km upstream from the commercial fishery zone. Comparative 
catch and catch per unit effort data from the first openings of the 
commercial fishery that year indicated a poor return. Based on comparisons 
with population estimates from earlier tagging studies, the daily sonar 
escapement estimations were also clearly below expectations and consequently 
contributed to the justification for a total closure of the commercial and 
subsistence fisheries. In the following years a Copper River management plan 
was developed with escapement goals based on sonar counts at Miles Lake. 
Emergency order regul at i on of the mu1 ti -mi 1 1 ion do1 1 ar commerci a1 f i shery 
and highly utilized upriver subsistence dip net and fishwheel fishery, are 
now routinely based on escapement trends monitored at Miles Lake. Since 
1979, two counters have been util ized on opposite banks of the Copper River 
at the Miles Lake site. 

METHODS 

Due to the multi-channeled nature of the Copper River delta, the outlet of 
Mi 1 es Lake provides the closest suitable upriver escapement assessment site 
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upstream of the  commercial f i shing d i s t r i c t .  This unique s i t e  i s  created as 
a r e s u l t  of two major g l ac i e r s ,  the  Miles and t he  Childs, on opposing s ides  
of the  val ley forcing the  r i v e r  in to  a s ing le  channel (Figure 2) .  Access t o  
the  s i t e  i s  provided by t he  Copper River highway, however, most years deep 
snow d r i f t s  render the  highway impassable well in to  June and other 
t ranspor ta t ion means a re  r e l i ed  upon fo r  the  f i r s t  portion of the  season. 
The sonar un i t s  a r e  deployed i n  t he  r i ve r  a t  the  e a r l i e s t  da te  t h a t  breakup 
conditions wil l  allow. 

The basic adul t  counter consis ts  of four main elements, the  e lec t ron ic  
counting un i t ,  a transducer, a subst ra te ,  and an oscil loscope fo r  
ca l ib ra t ion .  The system i s  powered by a 12 vo l t  bat tery  recharged da i ly  by a 
so l a r  panel. The e lec t ron ic  counting un i t s  employed by t h i s  project  a re  1978 
model Bendix s ide  scanning adul t  salmon counters. In 1985, a modified 1981 
Bendix counter with long range capabi l i ty  was a l so  employed fo r  a portion of 
the  season. The transducer operates a t  515 KHz and has an a1 ternat ing beam 
width of 2 and 4O. I t  i s  mounted in a housing near the  r i v e r  bank and i s  
aimed hor izontal ly  across the  r i v e r  perpendicular t o  the  current  and 
s l i gh t l y  off  the  bottom. Salmon observed migrating upstream in c l ea r  swift  
r i ve r s ,  salmon tend t o  follow the  path of l e a s t  res is tance by staying in 
slow water currents  located on the  bottom near t he  banks. The aiming of the  
transducer takes advantage of t h i s  behavior by ensonifying the  zone most 
frequently used by migrating salmon. 

The sonar un i t s  were operated with the  transducer beam range s e t  between 13 
and 32 meters. The counting range was maintained a t  the  maximum distance 
t ha t  conditions would a1 1 ow. Bendix salmon counters e lect ronical  l y  divide 
the  sonar beam in to  12 (1978 models) or  16 (1981 models) segments of equal 
length referred t o  as sectors .  Sector numbering s t a r t s  with 1 ,  located 
immediately in f ron t  of the  transducer and progresses outward t o  sector  12 
(or 16 as t h e  case may be),  located a t  the  extreme end of the  counting 
range. When a f i s h  crosses the  sonar beam the  resu l t ing  count i s  accumulated 
in a memory bank f o r  t he  corresponding sector .  A t  t he  end of each hour a 
pr intout  i s  generated by t he  unit  providing the  accumulated f i s h  counts by 
sector  f o r  the  previous hour. The counters were ca l ib ra ted  by visual 
ver i f i ca t ion  on an oscilloscope four times perday t o  correct  f o r  any over 
counting or  under counting tendencies. A deta i led descr ipt ion of ca l ib ra t ion  
and other operational procedures f o r  the  Miles Lake sonar project  i s  
presented in the annual crew leader repor t ,  (Chisum and Brady 1985). 

Because the  geometry of the  sonar beam i s  conical ,  the transducer must be 
deployed over e i t h e r  an a r t i f i c i a l  bottom substra te  t ha t  provides a s t r a igh t  
surface o r  in areas where the  r i ve r  bottom has a natural ly  uniform slope and 
r e l a t i ve ly  smooth bottom. Both types of deployments are  used a t  Miles Lake. 
A permanent a r t i f i c i a l  subst ra te  has been constructed a t  the  south bank s i t e  
by embedding a ra i l road r a i l  in concrete forming a uniform surface along the  
r i v e r  bottom. The r a i l  serves as  a guide on which the  transducer housing can 
be s l i d  up o r  down in response t o  water level f luctuat ions .  The permanent 
subs t ra te  has proven t o  be very sucessful and convenient t o  work with, 
however a minimum of 40 inches of water above the  lower end of the  r a i l  i s  
needed f o r  e f f ec t i ve  use. When water l eve l s  a re  lower, a portable a r t i f i c i a l  
subst ra te  i s  employed. This consis ts  of a submerged 8-inch diameter aluminum 



MILES LAKE 

Figure 2. Detail map of the Miles Lake area illustrating the location of 
the north and south bank sonar sites. 



pipe  12 t o  18 meters  i n  length  and held i n  p lace  a g a i n s t  t h e  c u r r e n t  by 
cab1 e s  anchored upstream. "Subs t ra te1  e s s "  deployments were a1 so  developed in  
t h e  p a s t  two seasons.  The f i r s t  con f igu ra t ion  u t i l i z e d  t h e  Biosonics  two 
a x i s  e l e c t r i c  r o t a t o r s  f o r  t ransducer  aiming, and consequent ly was dependent 
upon a 120 v o l t  AC power source.  To e l  iminate  t h i s  dependence, a mechanical 
r o t a t o r  assembly was developed and u t i l i z e d  dur ing  t h e  1985 season (Figure 
3 ) .  This  new type  of  r o t a t o r  proved t o  be more convenient  t o  use,  and owing 
t o  i t s  p o r t a b i l i t y ,  allowed t h e  i n v e s t i g a t i o n  o f  a l t e r n a t e  sonar  s i t e s  on 
t h e  nor th  bank. 

Frequent adjustments  of  sonar  s u b s t r a t e s  and t r ansduce r  deployments a r e  
requi red  on both banks because of  wide f l u c t u a t i o n s  i n  r i v e r  l e v e l ,  wave 
a c t i o n  caused by s t rong  winds and per iods  of  heavy i c e  passage. 

Tes t  F ish inq  

A t e s t  f i s h i n g  program was r e i n i t i a t e d  i n  1984 and 1985. A 50 fathom g i l l  
n e t  with 5-3/8 inch mesh was f i shed  (both s e t  and d r i f t )  t o  determine f i s h  
presence in  a r e a s  beyond t h e  sonar  beams and t o  monitor spec i e s  composition. 
Three general  d r i f t  s i t e s  were used, nor th  bank, south bank, and mid 
channel.  The nor th  bank d r i f t s  s t a r t e d  approximately a t  t h e  br idge ,  passed 
over  t h e  nor th  bank sonar  s i t e ,  and continued downstream approximately 1000 
meters .  South bank d r i f t s  followed an analogous p a t t e r n  passing over  t h e  
south bank sonar  s i t e .  Mid channel d r i f t s  were s t a r t e d  above t h e  br idge ,  
passed through t h e  two midstream br idge  abutments and extending downstream 
approximately 1000 meters .  Extreme cau t ion  was used t o  i n s u r e  t h a t  d r i f t s  
d i d  not  extend downstream t o  a r e a s  exposed t o  t h e  i c e  f a l l  hazards of t h e  
Chi lds  G lac i e r .  Por t ions  of  t h e  north bank and south bank d r i f t  s i t e s  may 
extend beyond t h e  counting range of t h e  sonar  beams. Two s e t  n e t  s i t e s  were 
used, a nor th  bank s i t e  approximately 100 meters  downstream from t h e  sonar  
s i t e ,  and a south bank s i t e  l oca t ed  approximately 300 meters  upstream of  t h e  
south bank s i t e .  Exact l o c a t i o n s  of a l l  f i s h i n g  s i t e s  were p e r i o d i c a l l y  
modified i n  response t o  water  l e v e l s  which t y p i c a l l y  show a 13.5 f t  r i s e  
through t h e  course  of each season. 

Miqratorv Timinq 

Time s e r i e s  sonar  d a t a  f o r  t h e  h i s t o r y  of t h e  p r o j e c t  (1978-1985) were 
compiled f o r  a comparative migratory t iming a n a l y s i s .  Daily passage f i g u r e s  
were converted t o  d a i l y  propor t ions  t o  g ive  a l l  y e a r s  equal weight.  
Migratory t iming d e s c r i p t i v e  s t a t i s t i c s ,  mean day, median, and var iance  were 
c a l c u l a t e d  f o r  t h e  d a i l y  salmon counts  a t  Miles Lake from 1978 t o  1985. Mean 
d a t e  and var iance  a r e  c a l c u l a t e d  from d a i l y  propor t ions  P ( t ) ,  a s  fol lows 
(Mundy 1979) : 

sonar  count on day ( t )  
P ( t )  = . . . . . . . . . . . . . . . . . . . . . . . .  

season cumulative counts  





The mean day, t, is calculated as 

and the variance, v, and standard deviation, SD, are calculated as 

v = (t-t) * P(t) 

North Bank Site Improvement 

In the fa1 1 of 1984, a D-8 Caterpillar tractor was contracted to reprofile 
the north bank sonar site. The areas immediately in front of the electronic 
shed was built up by 3 ft while the offshore area was graded down 3 ft 
generating a uniform slope of about 7% extending for approximately 235 ft in 
front of the shed. The previous slope was variable and a poor assessment 
site at intermediate and high water levels. The reprofile work provided an 
improved surface for substrateless deployments, however is still far 
inferior to the south bank permanent substrate with 14% grade. 

RESULTS 

Sonar Enumeration 

The total salmon enumeration estimates for 1984 and 1985 were 536,806 and 
436,313 fish, respectively (Tables 1 and 2), exceeding the desired 
escapement goal of 411,000 in both cases. Sonar operation spanned from 19 
May to 6 August in 1984 and from 28 May to 2 August in 1985. The 1985 
startup date was the latest in the history of the project. This was a result 
of the exceptionally late breakup and the difficulty in establishing the 
camp due to the heavy snow pack (Chisum and Brady 1985). The sonar units, 
however, were deployed in advance of any significant salmon passage rates. 

Daily cumulative counts for 1984 (Figure 4) fell below expectations in late 
May and early June which led to restrictions of the commercial fishery. A 
dramatic recovery was observed from 7-14 June, with peak daily passage of 
26,619, allowing the commercial fishery to reopen. Daily escapements 
continued at or above desired levels for the remainder of the season. 

Due to the late breakup, migratory timing in the river as delayed and 
consequently the early 1985 counts were well below expected escapement 
1 eve1 s (Figure 5). Commerci a1 fishery catch data, however, indicated a 
strong return and consequently the fishery was not restricted in the absence 
of supporting sonar data. Salmon passage rates increased rapidly after 3 
June reaching the season peak daily count of 32,953 on 6 June. Between 3 
June and 11 June nearly 200,000 fish passed the counting station, bringing 
the cumulative count well above the desired level for that date. Daily 
counts declined rapidly in late June and early July causing the cumulative 



Table 1. Daily Copper River salmon escapement est imates a t  Miles Lake sonar 
project ,  1984. 

Date ---=----- --- ----- 
5/19 
5/ 20 
Y 2 1  
5/ 2 2  
5/23 
5/ 2 4  
5 /25  
5/ 26 
5/27 
5/ 28  
5/ 2 9  
5 /30  
5 / 3 1  
6/ 0 1  
6/  0 2  
6/ 03 
6/  0 4  
6/ 0 5  
6/ 06 
6/ 67 
6/ 0 8  
6/ O? 
6/ 1 0  
6/ 11 
6/ 1 2  
6 /  13  
6/ 1 4  
6/ 1 5  
6/ 16 
6/ 17 
6/ 1 8  
6 /  1 9  
6/  20 
6/ 21  
6/ 22  
6/ 23 
6/ 26 
6 1  25 
6/  26 
6/  27 
6/ 28 
6/ 29 
6/ 3 0  
7/ 0 1  
7/ 02  
7/ 03 
7 /  0 4  
7 /  05  
3 /  06 
7/  07 
7 /  0 6  
7 /  0 9  
7 /  1 0  
7/ 1 1  
7 /  12  
7/ 13 
7 /  1 4  
7 /  15 
7/ 16 
7 /  17 
7/ 1 8  
7/ 19  
7/ 20 
7 /  21  
7 /  22  
7/ 23 
7/ 24  
7/ 25 
7 /  26 
7 /  27 
7 /  23 
7 /  : 9  
7 / 3 0  
7 / 3 1  
81 0 1  u 0 2  
C/ 03 
V 0 4  
V Of 
306 
&/ 07 ---------- ---------- 
T o t a i  

North 
Bank ------------ ------------ 

3 69 
9 5 4  
77 e 

1 . $07 
1.732 
1 ,454  

9 67 
1.381 
1.6 % 
1.575 
2.348 
177 16 
2.290 
2, 640 
2,124 
4.317 
4.351 
5.6 59  
5.555 
3.843 
5,444 
4.188 
3.785 
1 ,979  
1,460 

7 3 9  
€37 
16 1 

1. EL8 
1.917 
1.797 

43 0 
26 4 
6 1 2  
3 95  
3 1 8  
135  

6 2 
6 

South 
Eank ------- ------- 

336 
97 c 

I, zoe 
3,317 
3.310 
3.032 
2,133 
3 .264 
4.160 
3. 403 
4,77 0 
3,235 
1.9E6 
5.696 
6,359 
5.413 
8.145 

11 .069 
1 2 . ~ 4 2  
16.67 2 
21.175 
16.288 
15.490 
15.258 
20,226 
11.333 

5,144 
10.130 
12,052 
16.892 
11.053 
7 9 0 4 4  
8,994 
6,567 
5,127 
5.595 
6.5% 
6 e 441  
b v 2 9 l  
7 . 121  
6 .5% 
4.265 
6 .052 
7.7 52 
7 ,102  
6.070 
6,152 
6 ,239 
5 , lES 
3,976 
3.871 
3.162 
2.905 
3 .542 
4,155 
4,406 
5,321 
4,7 E7 
6.179 
L.827 
41 595 
3 .075 
3.245 

l h 7  d .  

3 ,; 16 
2.092 
2 ~ l i . 6  
1,364 
1.525 
1,306 

97 6 
87 0 
90 5 
901 
%3 
? e l  

1.130 
1 .n33 

958 
50: 

Cunulative 
Total --------------- --------------- 

ITortt Eank count  e s t i r a c e d  fror: r e s r e s s i o n  e q u a t i o n .  
9 1:orth ?anit couat  e s t r r z t e d  from expanded t e s t  r.et C.P .U.E.  



Table 2. Copper R iver  d a i l y  salmon escapement est imates a t  M i les  Lake sonar 
p ro jec t ,  7985. 

North 
Date Bank 
= = = = ' = = = f " = l l = 3 = = t D I r  

5/17 0 
5/18 0 
5/19 0 
5/  20 0 
5/21 0 
5/22 0 
5/23 0 
5/24 0 
5/23 0 
5/26 0 
5/27 0 
5/ 28 47 (1) 
5/29 19 (1) 
5/30 27 (1) 
5/31 80 (1) 
6/01 82 (2) 
6/02 220 (2) 
6/03 486 (1) 
6/b4 843 (2) 
6/05 147 (1) 
6/06 1,497 (1) 
6/07 1,238 (1) 
6/08 1,405 (1) 
6/09 1,350 (1) 
6/10 546 (1) 
6/11 1,571 (2) 
6/12 483 
6/13 398 
6/14 193 
6/15 180 
6/16 1,273 
6/17 1,160 
6/ 18 348 
6/19 477 
6/20 59 
6/21 41 
6/22 29 
6/23 24 
6/24 114 
6/25 182 
6/26 107 
6/27 94 
6/28 89 (2) 
6/29 67 (2) 
6/30 109 
7/01 37 
7/02 92 
7/03 29 
7/04 55 

- - - - -  Actual - - - - -  ---- Anticipated - - - -  
South Daily Cumulative Water Daily Cumulative 
Bank Total Total Level Count Count 

====-----  - - - - - = r = = f l = = f = = = I = x I = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

0 0 0 589 589 
0 0 0 1,201 1,790 
0 0 0 1,407 3,197 
0 0 0 1,513 4,710 
0 0 0 1,593 6,303 
0 0 0 1,604 7,907 
0 0 0 2,442 10,349 
0 0 0 3,862 14,211 
0 0 0 3,950 18,161 
0 0 0 4,027 22,188 
0 0 0 5,868 28,056 

984 1,031 1,031 50 9,391 37,448 
398 417 1,448 52 5,438 42,946 
572 599 ?,.047 51 8,107 51,053 

1,678 1,758 3,805 46 10,142 61,495 
3,380 3,462 7 ,.267 40 9,565 71,459 
6,506 (2) 6,726 13,993 35 ll,iS+ 82,613- 
10,205 (2) 10,691 24,684 34 9,319 91,932 
23,429 24,272 48,956 37 3,723 101,655 
30,360 30, SO7 79,463 46 11.209 112,864 
31,456 (2) 32,953 112,416 56 11,191 124,045 
26,018 27,256 139,672 53 11,393 135,437 
29,920 (2) 30,925 170,597 43 11,223 146,660 
28,352 (3) 29,702 200,299 40 10,707 157,367 
11,464 (2) 12,010 212,309 41 10.212 167,579 
10,255 11,826 224,135 39 10,008 177,586 
7,748 8,231 232,366 39 9,079 186,665 
6,431 6,829 239,195 43 9.366 196,031 
6,607 6,800 245,995 44 8.351 204,382 
8,645 8,825 254,820 45 8,714 213,096 
8,074 9,347 264,167 44 8,030 221,126 
5,110 6,270 270,437 44 8.554 229,680 
3,390 3,738 274,175 53 7,742 237,422 
2,774 3,251 277,426 58 5,995 243,417 
2,364 2,423 279,849 58 5,263 248,680 
2.020 2.061 281,910 59 5,495 254,174 
2,738 2,763 284,673 52 5,258 259,432 
3,345 3,369 288,042 54 5,871 265.304 
2,836 2,950 290,992 57 5,606 270,910 
1.403 1,585 292,577 68 5,287 276,196 
2,274 2,381 294,998 70 4,361 280,557 
2,941 3.035 297.993 69 3,855 284,412 
2,179 2,264 300,257 77 3,843 288,255 
2,080 2,147 302,404 86 3,897 292,152 
2,030 2,139 304,543 95 3,801 295,953 
2,583 2,620 307,163 112 4,219 300,172 
2,516 2,608 309,771 130 5,128 305,300 
1,790 1,819 311,590 133 5,442 310,742 
3,481 3,536 315,126 142 5,994 316,736 



Table 2. Copper R iver  d a i l y  salmon escapement est imates a t  M i les  Lake sonar 
pro jec t ,  1985 (cont inued) . 

---- -  Actual - - - - -  - - - -  Antlclpated - - - -  
North South Daily Cunulat~ve Water Daily Cunulatlve 

Dete Bank Bank Total Total Level Count Count 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7/05 5 5 3, $99 3.254 318,380 142 4,983 321,719 
7/06 79 4,585 4,664 323,044 144 4.356 326,075 
7 /07 60 3,567 3,627 326,671 151 3,800 329,875 
7/08 28 3,865 3,893 330,564 154 3,406 333,280 
7/09 74 6,753 6,827 337,391 147 3,351 336,632 
7/ 10 99 10, 508 10,607 347,998 139 3,828 340,460 
7/ 11 155 5,302 5,457 353.455 138 3,894 344,354 
7/12 201 6.128 6,329 359,784 135 3,705 348,059 
7/ 13 136 5,116 5,252 365,036 142 2,948 351,007 
7/14 103 6,010 6,113 371,149 141 3,494 354,501 
7/15 83 4,941 5,024 376,173 is9 3,811 358,312 
7/ 16 268 5.071 5.339 381.512 135 4,194 362,506 
7/17 440 (4) 5,520 5,960 387,472 134 3,645 366,152 
7/18 232 (1) 4,878 5,110 397,582 137 4,718 370,869 
7/19 154 (2) 4,406 4,560 397,142 i37 5,953 376,822 
7/20 64 8,612 8.176 485,318 !dl 5,392 382,214 
9/21 46 4,082 4,128 409,446 153 4,582 386,797 
7/22 146 3,012 3,158 412,604 152 3,264 390,061 
7/23 79 2,791 2,870 415,474 142 2,763 392,823 
7/ 2% 1113 2,049 2, $62 417,636 132 2,560 395,383 
7/25 74 2,375 2,449 420,085 127 2,151 397.534 
7/26 80 1,894 1.974 422,059 ii7 1,682 399.216 
7/27 37 2.154 2,191 424,250 i 17 1,465 480,682 
7/28 4 3 2.796 2,839 427,089 i 17 1,563 402,245 
9 / 2 9  161 - 2,652 2,813 429,902 : 22 1,314 403.559 
7/30 If0 2,680 2,790 432,692 i 27 1.236 404,795 
7/31 195 1,653 1,848 434,540 X 33 1,114 405,909 
8/01 151 919 1.870 435,610 139 1,125 407.033 
8 1'02 32 (1) 671 703 436,313 156 1,037 408,Q70 
8 i 0 3  0 0 0 436,313 210 834 408,904 
8/04 0 0 0 436,313 239 881 409,785 
8/05 0 0 0 436,313 491 410,256 
8/06 0 0 0 436.313 450 410,706 
8/07 0 0 0 436,313 208 410,914 
8/08 0 0 0 436,313 35 410,949 
8/09 0 0 0 436,313 51 411,000 

- - - - - - - - - - - - = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - ---------  --------------------------------------------------------------------  
Total 18,692 417,621 436.31 3 411,000 

Footnotes: 
(1) Whole day count nissing due to heavy ice peesage rates, debris problema, 

malfunctiona, or other reasons. Hissing day counts on the north bank site are 
estimated using the average percentage of north bank to south bank, 4.68%. 

(2) Some hourly counts missing due to ice paseage, debris, water level change. or 
other reaaone. Counts for nissing hours eatineted by simple interpolation from 
adjacent time blocks. 

(3) Soner counter at the aouth bank site changed from the 1978 nodal, to modified 
1981 model with increased transducer eenaitivity and long range capability. 

(4) North bank counting unit moved downatrean for one day to evaluate new aitea. 



CI Antic. Daily Cum. 
Date - Actual Daily Cum. 

Figure 4. Actual and anticipated daily cumulative Copper River escapement 
estimates a t  Miles Lake sonar project, 1984. 



IJ Antic. Daily Cum. 
Date - Actual Daily Cum. 

Figure 5. Actual and anticipated daily cumulative Copper River escapement 
estimates a t  Miles Lake sonar project, 1985. 



count to fall below expectations and generating concerns for escapement 
qua1 i ty of middl e run sockeye salmon stocks. Consequently, the commerci a1 
fishery was restricted and eventually closed from 3 July until 17 July at 
which time daily counts recovered to desired levels. A more detailed 
discussion of the Copper River commercial fishery management for 1984 and 
1985 is provided by Randal 1 et a1 . (1985a and 1985b). 
Sector Distribution 

Salmon counts were consistently highest in the nearshore sectors of the 
sonar beam in both 1984 and 1985 (Figures 6 and 7). This concentration of 
counts in the slower nearshore waters is especially pronounced on the south 
bank and is consistent with distribution in prior years (Merritt et al. 1983 
and 1984). 

North Bank Site Investiqations 

As previously observed, the majority of the documented escapement occurred 
at the south bank site, 84% in 1984 and 96% in 1985. North bank counts have 
been plagued with difficult counting conditions and unrel i able counts ever 
since the first counting unit was installed in 1979. A significant effort 
was made in 1984 and 1985 to investigate the sources of counting problems 
and improve the accuracy of north bank daily passage estimates. The north 
bank counting unit was operated more days in 1984 and 1985 than in any 
previous year, 41 and 54 days, respectively. 

The relative proportion of north bank to south bank counts have changed from 
year to year as have the methods of estimating counts for days when the 
north bank unit was not operational. In 1984 the north bank unit was 
initially deployed on 31 May. This was the earliest date a unit had ever 
been deployed at this site. At this time the water level of the Copper River 
was 18 inches, unseasonably low (Appendix A). Interestingly, the north bank 
counts during the first five days of operation averaged 58% of the south 
bank counts for the same period. This was surprising in light of previous 
estimates of north bank counts averaging around 10% (Merritt et al. 1983 and 
1984). As water levels rose, the north bank percentage of south bank counts 
dropped dramatically. A linear regression was performed on this inverse 
relationship (Table 3). An inverse log function (Figure 8) was shown to give 
the best fit (r = -.881). This relationship was used to estimate missing 
north bank counts in determination of the final escapement estimate. The 
same correlation analysis was performed on the 1985 data, however, the 
relationship in this case was insignificant. Consequently missing north bank 
counts were estimated as the mean percentage of south bank counts (4.6%) for 
the 1985 data. 

Test Fishinq 

The test fishing program initiated in 1984 operated on an as time permits 
basis between 5 June and 5 August. Early efforts were directed towards 
identifying offshore passage rates beyond the sonsified zone and the north 
bank. A nine-minute drift on 5 June in the mid-channel site yielded 7 
sockeye salmon and 1 king salmon, thus confirming the presence of fish 



North Bank 

South Bank 

Figure 6. Mean sector count percentages f o r  south and north bank counting 
units through time, Miles Lake sonar project, 1984. 
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Nor th  Bank 

+~ ** 
South Bank 

F igure  7. Mean sec tor  count percentages f o r  south and n o r t h  bank count ing  u n i t s  
through time, M i l es  Lake sonar p r o j e c t ,  1985. 
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Table 3.  Correlation between North Bank vs South Bank sonar counts and 
water level, Riles Lake sonar project, 1984. 

Plorth Bank South Bank N . B .  % of Water Level 
ROb!n Date Count Count South Bank (plus 10i.n.) ----- .......................................................... 



Table 3. Correlation between North Bank vs South Bank sonar counts and 
water level,  Miles Lake sonar project, 1984 (continued). 

- A  REG COEFF 
B REG COEFF 
A STD ERROR 
B STD ERROR 
STD ERR EST 
COEFF DET 
COVARIANCE 
COP& COEFF 
DUKBN-WATSN 



COLLISION SYMBOL: (c) 

FILES : MILES 84. SOB=* 
FUNCTIONS: LOG=+ Percent of South Bank 

150 

F igu re  8 L inea r  regress ion  of no r th  bank counts as a percentage o f  t he  south 
bank counts vs  water  l e v e l ,  1984. 



o u t s i d e  t h e  count ing  range (Table 4 ) .  This  was dur ing  t h e  per iod  o f  peak 
passage whi le  water  l e v e l s  were s t i l l  r e l a t i v e l y  low. Subsequent d r i f t s  a t  
t h i s  s i t e  f a i l e d  t o  produce add i t i ona l  f i s h .  In l a t e  J u l y  t e s t  f i s h i n g  
e f f o r t s  were focused on i d e n t i f y i n g  t h e  s h i f t  i n  s p e c i e s  .composition from 
sockeye salmon t o  coho salmon. The f i r s t  coho salmon was cap tured  on 30 
J u l y .  Dai ly  percentage  of  coho salmon i n  t h e  t e s t  n e t  ca t ches  va r i ed  widely 
but  the average f o r  t h e  remainder o f  t h e  season was 18%. Applying t h i s  
percentage t o  t h e  pos t  30 J u l y  sonar  count  o f  7,101 f i s h ,  y i e l d s  an 
e s t ima ted  1,271 coho salmon passing dur ing  t h e  enumeration per iod .  

In 1985 t h e  test  f i s h i n g  e f f o r t  was reduced t o  a l low t ime f o r  major camp 
renovat ions .  Tes t  f i s h i n g  spanned 15 June t o  28 J u l y  and focused p r imar i l y  
on improving understanding of f i s h  migra t ion  r o u t e s  i n  the v i c i n i t y  of  t h e  
nor th  bank s i t e .  The r e s u l t s  o f  t h i s  e f f o r t  were inconc lus ive ,  bu t  a r e  
presen ted  i n  more d e t a i l  i n  t h e  crew l e a d e r ' s  r e p o r t  (Chisum and Brady 
1985).  A summary o f  the 1985 t e s t  f i s h i n g  r e s u l t s  a r e  presen ted  in  Table  5.  

Miqratorv Timinq 

As background and general  r e f e r e n c e  f o r  migra tory  t iming  anal y s  i  s ,  
comparat ive h i s t o r i c a l  sonar  daa a r e  presen ted  i n  Appendices B and C.  Daily 
sonar  counts  and d a i l y  cumulat ive percentages  f o r  a l l  y e a r s  s i n c e  1978 a r e  
given i n  Appendix 8. Comparative d a i l y  counts  a r e  p l o t t e d  f o r  each y e a r  
compared t o  d e s i r e d  t iming curve i n  Appendix C .  

The mean d a t e  of salmon migra t ion ,  measured a t  t h e  sonar  coun te r s ,  ranges 
from 16 June (1982) t o  23 June (1980) (Table 6 ) .  The median d a t e s  range from 
9 June (1981) t o  19 June (1980). In every y e a r  t h e  mean d a t e  occurs  l a t e r  
than t h e  median owing t o  t h e  na tu re  o f  the t iming curve which i s  skewed 
toward t h e  e a r l y  po r t i on  of  t h e  run (F igure  9 ) .  The va r i ance ,  o r  s tandard  
d e v i a t i o n  ( p o s i t i v e  square  r o u t e  o f  t h e  va r i ance )  d e s c r i b e  the r e l a t i v e  
breadth o r  compactness o f  a given season ' s  run t iming.  With t h e  except ion of 
two y e a r s ,  1978 and 1981, t h i s  measurement of  d i s p e r s i o n  i s  s u r p r i s i n g l y  
c o n s i s t e n t ,  probably owing i n  l a r g e  p a r t  t o  the long d u r a t i o n  o f  t h e  run 
which t ends  t o  average ou t  ove ra l l  r u n  performance. In 1978, t h e  migratory 
t iming s t a n d s  ou t  a s  being' somewhat more compressed i n  p a r t  due t o  t h e  
s h o r t e r  per iod  of  monitor ing and t h e  normal shape o f  t h e  t iming  curve .  The 
1981 t iming  d a t a ,  on t h e  o t h e r  hand, i s  q u i t e  d i spe r sed  due t o  t h e  
occurrence o f  a s e r i e s  of  excep t iona l ly  high counts  in  l a t e  J u l y .  

The mean migra tory  t iming curve (F igure  3 )  i s  der ived  froom annual d a i l y  
propor t ions .  Mean d a i l y  p ropor t i ons  a r e  s ca l ed  t o  t h e  escapement g o a l ,  
411,000 f i s h ,  y i e l d i n g  d e s i r e d  d a i l y  escapement f i g u r e s .  Th i s  t ype  of p l o t  
i s  used wi th in-season  t o  provide f i s h e r y  managers a b a s i s  f o r  eva lua t ing  
r e a l - t i m e  escapement performance. 

DISCUSSION 

Sonar counts  from Miles Lake a r e  t r e a t e d  a s  s t r i c t l y  sockeye salmon counts  
even through o t h e r  s p e c i e s ,  p r imar i l y  chinook and coho salmon, make up a 



Table 4. Copper River g i l l  net t e s t  fishing catches a t  Miles Lake sonar 
project, 1984. 

Fiahing Total Daily Catch 
Muaber Time ............................... 

Date of n t s  (Min.) King Sockeye Coho Pink Site Set/Drift 
P ~ ~ I ~ I I ~ I I I I I ~ ~ ~ ~ I ~ ~ ~ I ~ I ~ ~ I ~ I I I ~ O ~ P I B I ~ I ~ ~ ~ B ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ B ~ ~ ~ ~ ~ ~ ~ ~ ~ B ~ ~ ~ ~ ~ ~ ~  

6/05 1 12 1 7 Mid Drift 
6/17 1 9 Mid Drift 
6/24 1 10 Hid Drift 
6/26 1 6 Hid Drift 
6/27 1 5 Mid Drift ........................................................................ 
lid Channel Sub. 42 1 7 0 0 ........................................................................ 

6/05 2 17 9 N.B. Drift 
6/08 2 19 N.B. Drift 
6/17 2 16 N.B. Drift 
6/23 1 15 N.B. Drift 
6/24 3 30 N.B. Drift 
6/26 6 123 8 N.B. Drift 
6/27 3 % 7 N.B. Drift 
6/28 2 38 14 N.B. Drift 
6/29 2 60 7 N.B. Set 
6/30 1 55 11 H.B. Set 
7/02 1 55 10 N.B. Set 
7/03 1 55 7 N,B. Set 
7/04 3 140 5 M.B. Sat 
7/05 3 112 8 3 %BOB. Set 
7/06 3 148 24 N.B. Set 
7/14 3 82 18 N.B. Set 
7/15 3 67 2 MOB. Sat 
7/ 16 3 95 9 N.B. Set 
7/17 3 99 2 N.B. Set 
7/18 2 6 9 2 N.B. Sat 
7/19 2 7 1 .3 MOB. Set 
7/21 2 75 10 N.B. Set 
7/22 2 78 b N.B. Set 
7124 2 75 2 N,B. Set 
7/25 1 27 N.B. Set 
7/26 2 62 N.B. Set 
7/27 2 89 2 N.B. Set 
7/30 2 117 4 N.B. Set ------------------------------------------------------------------------ 
North Bank Sub. 1985 0 170 0 0 ........................................................................ 

6/05 1 8 5 3 S.B. Drift 
6/27 1 10 S.B. Drift 
6/28 1 5 S.B. Drift 
7/25 1 17 14 SOB. Set 
7/26 1 13 9 S.B. Set 
7/27 1 30 8 S.B. Set 
7/30 1 25 10 2 S.B. Set 
7/31 2 30 3 4 S.B. Set 
8/01 3 72 26 4 1 S.B. Se t 
8/02 3 92 20 2 S.B. Set 
8/03 2 4 8 4 2 S.B. Set 
8/09 2 53 15 3 S.B. Set ........................................................................ 
South Bank Sub. 403 5 112 17 1 
I 3 I I x I I a D l I f P I I I I a I I P I I I ~ I a I ~ I I ~ t I P 1 I ~ I I ~ a ~ ~ I ~ I ~ a I I I a z ~ ~ x P I P I ~ a ~ a I a a ~ x a E  

Grand Total 2430 6 289 17 1 



Table 5. Copper River gil l  net test  fishing catches a t  Miles Lake sonar 
project, 1985. 

Fiabing Total Daily Catch 
Nurrber Ti.. ............................... 

Date of net. (Hin.1 King Sockeye Coho Pink Site Set/Drift 
-----====p ----- P t l t l f ~ P l l l l l l ' l P l l f ~ ~ ~ O ~ l l l f P P f ~ ~ ~ 3 f l t f t l ~ ~ ~ l ~ ~ ~ ~ ~ ~ l l ~ ~ ~ ~ l ~ ~ ~  

7/02 2 8 Hid Drift ........................................................................ 
Hid Channel Sub. 8 0 0 0 0 

12 N.B. 
4 N.B. 
11 N.B. 
3 N.B. 

N.B. 
2 N. B. 

N.B. 
N.B. 
N.B. 

23 N.B. 
16 N.B. 
8 N.B. 

nixed 
Mixed 
Hixed 
Set 
Set 
Set 
Drift 
Drift 
Set 
Set 
Set 
Mixed 

North Bank Sub. 396 0 79 0 0 ........................................................................ 
7/09 1 5 13 S.B. Set 
9/25 2 15 12 S.B. Set 
7/28 2 20 1 25 1 S.B. Set ........................................................................ 
South Bank Sub. 40 1 SO 0 1 ------------ - - - - - - - - - - - - a = t t = P P I 3 = = = P = ' = I = = = = = l = = = = = = = = s = = = x = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Grand Total 444 1 129 0 1 



Table 6. Comparative annual Copper R iver  escapement est imates and m ig ra to ry  
t i m i n g  data a t  M i les  Lake sonar pro jec t ,  1978 t o  1985. 

Mean 
Sonar Day Mean Median 

Year Count Number Date Date Variance S.D. 





portion of the annual count. The project is timed to correspond with the 
peak of the sockeye salmon migration. Chinook salmon escape into the Copper 
River during the early portion of the run but only make up a small re1 ative 
proportion, ,4.1% and 4.4% for 1984 and 1985, respectively of the commercial 
catch during the period of sonar enumeration (Tables 7 and 8). The 
contribution of chinook salmon to the overall sonar index may be somewhat 
different as a significant proportion of the commercial catches are composed 
of delta stocks which do not significantly produce chinook or contribute to 
the Miles Lake sonar count, and chinook salmon may be subjected to a 
variable exploitation rate in the commercial fishery. Chinook salmon 
comprised 2.7% and 3.2% of the 1984 and 1985 upriver subsistence catches 
(Randall et a1 . 1985), (Robertson 1985). The 1981 and 1 ater model Bendix 
counter have a large fish discrimination feature. This feature has proven 
successful in species discrimination of non-salmonids (Menin, personal 
communication), but may require a broader spread in mean body weight than is 
typically seen in chinook and sockeye salmon. 

Coho salmon timing is relatively late and consequently only contributes to 
the tail end of the sonar enumeration period. Coho salmon catches in the 
commercial fishery lagged in time to correspond to the period of sonar 
operation, comprised 1.1% and 0.8% of the catch in 1984 and 1985, 
respectively. This percentage would indicate a higher coho salmon distribu- 
tion to the 1984 sonar index (5,904) than indicated by test fishing (1,217), 

Current species data indicates that chinook and coho salmon together 
conservatively make up less than 6% of the total sonar count. Species 
identification could be improved by a stepped-up gill netting program 
utilizing different mesh sizes and adjusting catches for mesh size 
selectivity. Consequent to this would be a relatively high sampling 
mortality which may overshadow the potential benefits in light of the recent 
decline in chinook salmon stocks. As an alternative, beach seines will be 
evaluated for species sampling during the 1986 season. Species apportionment 
is not critical to current sockeye salmon management strategies. The 
greatest benefit of such a program would be in estimating chinook 
escapements, the timing of which falls within the period of sonar operation. 
Benefits to coho salmon management are limited to assessment of early run 
timing, because the vast majority of the coho salmon escapement past Miles 
Lake occurs after the sonar units are normally pulled. 

Fish Distribution 

Understanding the distribution of upstream migrating salmon across the river 
at the sonar site is critical to evaluating the effectiveness of the sonar 
estimates. Plots -of sector counts at the south bank through time (Figures 6 
and 7) support the concept that nearshore areas are greatly preferred. This 
may be to minimize energy costs, as demonstrated in a radiotelemetry study 
of Atlantic salmon (Smith et al. 1982). The sector distribution across the 
north bank site however, is not as clearly defined. The north bank site lies 
in slower waters off the main flow of the river and does not experience the 
gradient in current velocity across the counting range that is seen on the 
south bank. During the early portion of the 1984 season, when a relatively 
high percentage of the daily counts were recorded on the north bank, water 
levels were exceptionally low. Under these conditions the north bank site is 
closer to the swift current and lies on a steeper slope. It was during this 



Table 7. Comnercial salmon catch by period and species ,  Copper River d i s t r i c t ,  
1 984. 

F i  shi ng 
Catch by Species 

Dates (Hrs .  ) E f f o r t  King Sockeye Coho P i n k  Chum Total 

Total s 38,955 899,776 382,432 32 , I  94 6,935 1,360,292 





period of low water that gill net catches were recorded in the middle areas 
of the river. It is possible that during these low water periods fish 
utilize a number of migration areas across the river. The river bottom 
between the north and south bank sites is not uniform but has two mid- 
channel humps one of which breaks the surface at the zero water level 
reference. These humps may provide areas of slower water currents used by 
upstream migrating salmon. At higher level s and consequently higher flow 
velocities, these areas may no 1 onger offer desirable migration corridors. 
Higher water levels increase the calving activity of the Childs Glacier, 
downstream of the north bank site. This may contribute to the selective use 
of the south bank at the sonar site. 

Proqram Direction 

The Miles Lake sonar project continues to provide invaluable information to 
biologists in the management of the Copper River commercial and subsistence 
fisheries. With the establ ishment of escapement goals, a real -time 
monitoring system and an aggressive management program, the achievement of 
the escapement goal is now regularly realized (Figure 10). Consequently the 
commercial fishery is now enjoying an apparent recovery from the disastrous 
returns of the lat 1970's. 

When applied in a day to day management program, the precision of 
hydroacousti c escapement monitoring is constantly under examination. 
Consequently, a great deala of effort is expended to maintain the accuracy 
of escapement estimates, within the limitations of the tools that are 
employed, to insure that in-season data will provide a solidly defensible 
basis for regulatory action in the commercial fishery. 

Lingering questions remain unanswered such as the effectiveness of the north 
bank site, offshore migration rates and species apportionment while new 
parameters such as water level and test fishing results contribute to the 
overall understanding and interpretation of results. 
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Figure  10. Sockeye salmon catch and escapement, Copper River d i s t r i c t ,  1976- 
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APPENDICES 



Appendix A1 . ' Copper River daily water level measurements taken at the south 
bank sonar s i te ,  Miles Lake sonar project, 1982-1985. 

Date 1985 1984 1983 1982 ............................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 /  18 
5/19 
5 / 20 1.50 
5/21 2.50 
5/22 11.50 
5 /23  17.00 
5/24 18.50 14.75 
5/25 21.80 14.75 
5/26 23.50 13.50 
5 /27  27.50 14.00 
5 / 28 50.00 29.00 14.75 
5/29 52.00 23.50 14.25 
5/30 51.00 21.00 16.75 24.00 
5 /31  46.00 18.00 22.25 
6 /01  40.00 17.50 36.50 
6 /02  35.00 15.80 64.00 40.00 
6 / 03 34.00 14.80 78.00 51.00 
6/04 37.00 17.30 75.75 62.50 
6 /05  46.00 23.50 75.75 67.00 
6 /06  56.00 28.80 73.75 71.50 
6 /09  53.00 40.30 71.2'5 66.75 
6 /08  43.00 52.00 71.25 66.13 
6 109 40.00 53.00 72.25 
6 /10  41 .OO 53.00 72.00 97.75 
6 /  11 39.00 55.80 71.00 
6 /12  39.00 60.80 71.75 
6 / 1 3  43.00 65.50 70.75 
6 /14  41.00 72.00 b5.11 
b/ ;5  45.00 77.00 66.75 88.75 
6 /16  44.00 81 .OO 62.50 
5 /17  44.00 80.00 68.50 90.50 
6 /18  53.00 74.00 73.50 75.50 
6 /  13 58.30 77.00 77.00 
61  20 58.00 84.00 90.50 94.50 
6; 2 1 59.00 90.50 101.00 97.75 
61'22 52.00 104.00 111.50 99.50 
6 /23  54.00 108.00 L15.75 
5/24 57.00 117.00 l i 8 .00  32.00 
6 / 25 68.00 131.50 125.90 
6 / 2 6  70.110 :41.00 i34.59 102.50 
6 /27  69.00 i47.00 i34.75 
6 i 28 77.00 140.50 134.50 i33.30 
6 /29  86.00 i32.00 i41.60 
6/39 35.00 123.00 i39.00 153.00 
7 /31  112.00 113.00 134.50 149.50 
7/02 130.00 115.00 i27.00 
7/93 139.00 1L4.00 i30.50 140.00 
7 /  134 142.00 114.00 137.75 L24.50 
7/05 142.00 116.00 i41.00 
7 /  06 144.00 112.00 144.00 



Appendix Al .  Copper R iver  daily water l e v e l  measurements taken a t  the  south 
bank sonar s i t e ,  M i les  Lake sonar p ro jec t ,  1982-1 985 (cont inued). 

Date 1985 1984 1983 1982 --------------------------------------------- --------------------------------------------- 
7/07 151.00 120.00 145.00 114.50 
7/08 154.00 129.00 150.50 
7/09 147.00 138.00 149.50 
7/10 139.00 146.00 150.00 
71 11 138.00 142.00 146.00 146.00 
7/12 139.00 136.00 139.00 
7/13 142.00 130.00 123.00 
7/ 14 141.00 125.00 116.75 
7/15 139.00 124.00 109.50 
7/16 135.00 120.00 115.50 134.75 
7/17 134.00 116.00 121.50 
7/18 137.00 111.00 126.50 131.50 
7 /  19 137.00 116.00 135.50 
7/20 141.00 117.00 139.00 133.00 
7/21 153.00 108.00 138.50 
7 / 22 152.00 103.00 136.50 
7/23 142.00 102.00 128.00 121.00 
7 / 24 %32.80 104.00 129.50 160.50 
7/25 $27.00 112.00 i29.50 146.00 
7/26 127.00 120.00 125.50 156.00 
7 / 29 119.30 125.00 iZ1 .50 162.00 
7/29 117.00 129.00 126.50 160.50 
S/Z9 122.00 129.00 i37.50 
7/30 127.00 133.00 144.50 
7/31 133.00 131.00 147.50 
8/01 139.00 133.00 148.50 
8 /02 156.00 130.00 143.50 192.50 
8 /(a3 210.00 131.00 141.50 190.08 
8 /04 239.00 131.00 139.00 
3/(35 134.00 142.00 
8 ;si 143.00 
6 107 154 .OO 
,3/'08 164.00 
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Appendix A2.  Annual plots of daily Copper River water level measurements, 
Miles Lake sonar project, 1981-1985. 

- 35- 



1982 WATER LEVELS 
MllES LAKE SONAR 

200 
190 
1 a0 
1 70 
1 6 0  
1 50 
140 
1 30 
1 20 
110 
1 00 
90 
80 
70 
60 
50 
40 
30 
20 
10 

Babe 
81 1982 Water Laveis 

Date 
0 1983 Watmr L.val8 

1983 WATER LEVELS 
MILES LAKE S O W  

200 
190 - 
180 - 
170 - 
160 - 
150 - 

a 
7.90 

Appendix A2. Annual p l o t s  o f  da i  l y  Copper R iver  water 1 eve1 measurements, 
M i  1es Lake sonar p r o j e c t ,  1981-1985 (cont inued).  
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Appendix B1. Copper River  d a i l y  salmon escapement est imates a t  t h e  M i l e s  Lake 
, sonar p ro jec t ,  1978-1 985. 

kerage 
Daily 

Date 1976 1979 1969 191 1982 1983 1984 1965 Count S.D. C.V. 

3,318 
98 8,620 

493 11,587 
1 , P 3  10,575 

12,891 6,661 
47,383 8,456 
19,671 6,586 
8,781 8,296 

11,389 17,123 
15,385 18,428 
17,213 14,414 
13,382 13,137 
12,355 15,357 
14,806 i9,110 
15,585 14,863 
12,586 19,389 
8,430 16, $94 
7,017 11,415 
7,599 4,m 
7,a79 3,353 
8,587 13,292 
9,932 12,444 

12,551 13,831 
12,677 15,915 
13,595 7.338 
12 ,W 2,671 
6,544 5,689 
4 , 3 3  6,461 
2,352 7,382 
3 , ~  a, 124 
4,467 8 , @ E  
7 , Z l  7,528 
, =  6,W 
4,503 5,226 
4,416 5,628 
2,732 4,738 
2,174 4,771 
2,130 4,434 
2,313 6,146 
2,190 6, 106 
4,420 6,113 
5,751 6 ,E6  
5,245 6,343 
4,395 5,247 
6,388 3,973 

Conti  nued- 



Appendix B1. Copper River daily salmon escapement estimates a t  the Miles Lake 
sonar project , 1978-1 985 (continued) . 

herage 
Daily 

Date 1978 1979 19B8 1981 1992 1983 1944 1985 Count S.D. C.V. 
9 --------- -------- 
7/07 11,152 892 3,291 3,863 6,171 4,289 4,848 3,627 3,486 !,595 46.85 
7/88 831 2,891 2,995 3,774 3 , ~  4 , ~  3,3& 3,093 3,1% 1 , ~ s  34.27 
7/89 %7 3,190 2,817 3,449 2,218 3,353 3,218 6,427 3,233 1,558 47.94 
7/ 10 1 4,209 3,642 2,942 2,870 3,644 2,?27 !8,607 3,312 2,679 68.50 
7/11 441 3,684 5,763 2,271 1,488 4,454 3 , W  5,457 3 , 3 7  1,612 45.37 
7/ 12 341 3,262 4,788 3,468 3,420 4,541 4,200 6 , 2 3  2,884 7 42.25 
7/13 167 3,144 1,725 2,265 4,032 4,543 4,582 5,252 3,214 1,615 58.25 
7/ 14 a 4,124 1,679 2,596 4,239 5,819 6,573 6,1!3 3,342 2,110 53.53 
71 15 275 3,535 1,743 3,691 4,714 6,4% 5,521 5,824 3,875 1,912 43.35 
7/ 16 538 5,175 2,515 2,%8 3,561 6,978 6,755 5,!33 4,179 2, i!3 3 - 3 7  
7/17 3@4 3,555 3,419 788 2,925 6,327 4,955 5,960 3,528 2,665 58.2 
7/ 18 204 3,768 5,878 8,633 3,413 4,326 4,736 5,118 4,5id ?,,% 48.84 
7/19 321 3,344 5,613 20,975 4,296 3,783 3,140 4,568 5,744 5,933 I@?. 29 
7/20 238 2,716 5,868 28,511 3,928 3,388 3 , 3 9  8,176 6 , W  5,867 37.79 
7/21 81 2,583 3(826 15,741 4,849 4,463 4 4,128 4,759 4 , 3 2  9i844 
7/22 16 2,812 3,173 6,566 3,871 4,881 3,788 3,113 3,432 11,884 52.57 
7/23 15 1,915 2, I43 5,787 3,eSS 3,6U 3,335 2,878 2,I338 1,533 54.l6 
7/24 49 2,182 1 5,&3 Z,%l 3,2333 2,198 2,162 2,495 !,437 57.6d 
aia 13 ~ ~ 1 1 2  1,@3 3,391 ~ ~ 3 7 4  4,535 1,937 2,449 2,384 1,351 asif 
7/26 77% 1 % 2,431 2,596 3,339 7 1,974 2, BEl8 433 44.67 
7/27 318 1 2,451 2,247 2,687 1,391 2,191 1,926 7 51.74 
7/28 387 6% 2,785 2,375 5,234 l ,N4 2,833 2,189 1,557 71,11 
7/29 363 3,& 1 ,  4,138 891 2,812 1,968 1,457 74.33 
7/ 38 491 478 3,814 96.3 3,512 938 2,738 l,a54 1,3156 73.14 
7/31 703 353 3 , W  1,176 1,fUS 1,P)93 1,1348 1,544 1 68.89 
8/01 7 9  8%S 3,396 511 1,312 1,847 1,8716 1 , B  326 68.83 
8/82 379 1,W4 2,394 342 2,211 ;,W 783 1,237 682 55 1: 
d/ 1%3 227 964 1,913 434 2,M8 1,213 1,117 634 62.17 
B/W 2 ~ i b  aeca 1 , a 7  581 2,897 1,1113 1, 148 85! 74. :a 
a/ 85 173 7% 1,181 122 1, M9 649 431 &,4J 

1123 8n 1,198 .A 631 398 59.31 e - 
6/$7 76 615 346 278 74.m 
8/00 1 66 166 0 8, a0 
8/ 69 2 3  233 @ Q.3 
8/10 ERR ERR EJS 
8/11 ERR ERR ERR 
8/ 12 ERR ERR ERG 
8/ 13 ERR ERR ERR 
8/14 ERR ERR E7R 
8/ 15 ERR ERR ERR --------------- 

-pee----------- 
--------------- ----- ------ 

Total 187,011 Z37,173 276,W 535,263 467,396 545,724 536,886 436,213 

Flvg. 1,726 2,892 3,292 6,528 6,315 7,375 6,710 6,512 Over f lI i  5,1% 
S.D. 1,137 2,873 2,650 5 , 3 5  6,646 4,413 5,532 7,664 5,205 
C.V. 65.9 71.7 M.7 82.0 1 . 2  59.8 G.3 117.7 101.8 



Appendix B2. Copper River cumulative dai ly salmon escapement estimates 
Miles Lake sonar project, 1978-1 985. 

a t  the 

Accumul a t i  ve Count herage 
Daily 

Date 1976 1979 1988 1981 1982 1963 1964 1985 Count S.D. 



Appendix B2. Copper River cumulative dai ly  salmon escapement estimates a t  the 
Mi 1 es Lake sonar project,  1978-1 985 (conti nued) . 

Accumulative Count 

1978 1979 1980 

herage 
Daily 
Count -- 

349,315 
312,510 
315,760 
319,672 
323,179 
326,983 
338,196 
334,138 
338, @I3 
342,192 
345,720 
358,238 
a, 982 
361,931 
366,74 1 
378,873 
373,883 
375,4% 
377, &I2 
379,629 
381,313 
303,238 
384,945 
306,567 
367,918 
389,1B0 
3%, 191 
jar, ~0 
391,889 
3'32,234 
392,638 
j92,7:6 
392,737 
392,767 
32,767 
392,767 
392,767 
392,767 
392,767 
292,767 

hi. 78,819 149,553 162,849 346,612 311,556 346,816 344,377 271,714 Over Pl I d0,41l 
S.D. 40,885 79,878 106,102 157,243 157,123 183,648 191,421 :57,646 174,819 
CV. 58.4 52.9 61.5 45.4 58.4 53.1 55.5 5a.a 69.8 ' 



Appendix B3. Copper River d a i l y  percent salmon escapement estimates a t  the 
Mi les Lake sonar project ,  1978-1 985. 

D a i  1 y percents h a g c  
Daily 

Date 19711 1mS 1960 1961 1983 1984 196SPercent S.D. C.V. 



Appendix 83. Copper River dai 1y percent salmon escapement estimates a t  the 
Miles Lake sonar project, 1978-1 985 (continued). 

k i l r  percents h i l g c  

Daily 
Date 1978 1979 1 1981 I* 1983 1964 198SPercent S.D. C.V. - 
7/47 1.1 0.4 1.2 0.7 1.3 0.8 1.0 0.83 0.9 0.3 38.8 
7/40 8.8 0.9 1.1 0.7 0.9 8.7 0.8 0.89 0.8 0.1 13.5 
7/89 0.9 1.3 1.0 0.6 k 5  0.6 0.7 1.56 0.9 0.4 39.1 
7/ 10 1.2 1.8 1.3 8.5 0e4 8.7 0.6 2.43 1.1 8.7 58.7 
7/11 0.8 1.6 2.1 L4 8.4 8.8 8.5 1.25 1.0 0.6 56.6 
71 12 0.3 1.4 1.7 0.6 8.7 0.8 0.7 1.45 1.0 0.5 47.1 
7/13 0.2 1.3 0.6 8.4 0.9 a 8  0.8 1.26 0.8 0.4 46.1 
71 14 A 3  1.7 8.6 0.5  0.9 1.1 0.9 1.40 0.9 0.5 49.2 
7/13 0.3 1.5 8.6 0.7 1.0 1.2 1.2 1.15 1.0 0.4 39.2 
71 16 0.5 2.2 0.9 0.5 0.0 1.3 1.0 1.22 1.8 8.5 48.8 
7/17 0.3 1.5 1.2 8.1 8.6 1.2 1.3 1.37 8.9 0.5 51.3 
7/ 111 0.3 1.6 2.1 1.6 8.7 0.8 8.9 1.17 1.2 0.6 48.5 
7/19 0.3 1.4 2.0 3.9 0.9 0.7 0.9 1-85 1.4 1 1  76.3 
7 / a  0.2 1.1 1.8 3.8 a.6 0.7 8,6 1.47 1.4 1.1 79.6 
7/21 0.1 1.1 1.4 2.9 0,9 d.8 8.6 0.W 1.1 8.8 71.5 
7f 22 .8 8.8 1.1 1.2 0.0 8.9 0.6 0.72 8. 0 8.3 44.4 
7 / 8  , 8 8.8 0.8 1.1 L7 0.7 0.7 0.G 0.7 8.3 4L.9 
7 / A  .8 0,9 8.5 A 9  8.7 0.7 L6 8 0.6 8.3 M03 
7/23 .0 8.5 0.6 8.6 8.7 8.8 0.4 8.56 0.5 0.2 43.0 
71 26 0.O 8.3 0.5 0.5 0.6 0.7 & 4  8.45 0.4 0.2 46.1 
7/27 0.0 W i  0.4 8.5 Bs.5 0.7 L 3  8.58 0.4 0.2 54.2 
7/2i1 8.0 8.2 8.3 0.5 0.5 1.0 0.3 0.65 0.4 0.3 69.2 
7/29 0.0 0.2 0.1 8.7 0.3 ae 0.2 0.64 8.4 0.3 76.0 
71 30 0,8 0.2 8.2 8.7 0.2 0.6 0.2 0.64 8. 3 8.3 75.1 
7/31 0.0 0.3 0.1 0.7 0.3 0.3 0.2 0*42 8.3 0.2 69.2 
6/81 0.0 0.3 0.3 0.6 0.1 0.4 0.2 8.a 0.3 8.2 63.8 

8,0 & 2  0.4 0.4 L 2  0.4 8.2 8.16 2 0. f 57.9 
8/93 8.61 0. 1 0.3 A 4  0.1 8.4 0.2 8. I 0.2 8.1 79.6 
0/W 8.0 8.1 8.3 0.2 8.1 8.5 8.2 0. 0.2 0.2 85.5 
86 85 0.8) 0.1 0.3 0.2 .8 0.B 0.2 0.1 0.1 107.4 
8 / 1  0.8 .0 0.3 8.2 L 8  0.0 0.2 0.00 0. 1 0.1 123.4 
8/ 91 8.8 .a 0.2 8.0 0.8 0.0 0.1 0.m .8 0. 1 169.1 
8/ 88 0.0 8. 0 L 1  0.0 8.0 O.d 0.0 0.a . 0  .a  264.6 
WB9 0.0 8.8 8.1 8.0 0.0 8.8 0.6 8.00 .0 . 0  264.6 
8/10 A 0  0.0 0.0 0.0 8.0 0.0 0.0 a.88 8,0 0.0 ERR 
8/11 Q 8  0.8 8.8 8.8 0.8 0.0 0.0 0.M 0.8 8. 8 ERR 
8/12 8.0 0.8 8.8 0.0 0.0 0.8 0.0 0s@3 0.0 8. 8 ERR 
8/ 13 000 8.8 0.8 0.8 0.8 0.0 0.8 8-88 0.0 B.8 ERR 
8/14 B.0 9.0 0.0 8.0 0.8 0.0 8.0 8.88 8.8 0.0 ERR 
8/ 15 0.8 0. 0 0.8 0.B 0.0 8.0 0.0 0 . 1  0.0 8. 0 ERR 

- ------------ ------------------ 

Total 188.0 100 188 lkXl.0 1 @I 1bN 100 100 100.0 

k g .  1.1 1.1 1.1. 1.1 1. i 1.1 1. i 1.1 Over fill 1.1 
S. D. 1.2 8.9 1.0 1.8 1.4 0.9 1.1 1.6 1.2 
C.V. 185.1 82.5 88.9 92.6 126.2 81.3 96.3 149.7 185.2 



Appendix 54. Copper River cumulative dai l y  percent salmon escapement estimates 
a t  the Mi les  Lake sonar pro jec t ,  1978-1985. 

- 

kmmlrtiva Percent 
Daily 

Date 1 1979 19M 1981 1982 1983 1964 1985 Pemnt S.D. C.V. 

5/17 0.8 0.0 0.0 1.0 0.0 0.0 8.0 0.8 8.1 0.3 264.6 
5/ 18 A 8  0.2 6.1 2 8  0.0 0.8 0.0 0.0 8.4 8.9 241.2 
5/ 19 0.0 8.4 0.1 4.9 0.0 0.0 0.9 0.8 0.7 1.6 231.2 
5/28 8.O 0.7 0.2 6.9 0.0 0.0 0.1 0.0 1.0 2.3 Z5.1 
5/21 0.8 1.2 0.3 0.8 8.0 0.0 0.5 0.0 1.3 2.8 211.1 
5 / 8  0.8 2 8  0.4 10.2 0.a 0.8 0.9 8.0 1.7 3.3 194.7 
5/23 0.8 3 3  8.6 11.3 8.8 0.6 1.8 0.8 2.2 3.6 163.9 
5/24 8.0 4.7 0.8 13.8 .8 2.2 2.8 0.0 3.0 4.3 143.7 
5/25 8.8 1 7  1.8 16.2 0.1 4.3 3.6 0.8 3.9 5.1 131.4 
5/26 L S  7.0 1.4 17.3 0.3 6.2 4.2 8.0 4.7 5.5 116.4 
5/27 1.3 10.7 2 2  17.9 2.9 7.8 5.0 8.0 6.8 5.6 93.5 
5/28 2 2  11.8 2 8  10.4 13.1 9.4 6.1 0.2 8.8 5.0 73.1 
5/29 2.8 13.5 3.2 10.8 17.3 18.6 7.1 8.3 9.2 6.5 78.6 
5/39 1 9  16.6 3.9 21.0 19.1 1 2 1  8.4 0.5 19.9 7.8 64.2 
5/31 8.3 20.3 5.2 24.9 21.6 15.2 9.3 8.9 13.2 8.8 60.9 
6/81 10.7 22.8 7.1 28.4 24.9 10.6 18.1 1.7 15.4 6.8 57.8 
6/%2 13.3 23.5 9.6 32.8 28.6 21.2 11.7 3.2 18.8 3.5 52.0 
6/03 1!L0 24.9 12.3 35.9 31.4 23.6 13.3 5.7 8 .3  9.7 47.9 
6/84 18.1 26.1 15.6 37.7 34.1 26.5 15.1 11.2 23.0 9.0 38.9 
6/U5 20.9 28.0 19.1 39.7 37.2 30.0 17.4 18.2 26.3 8.2 31.3 
6/8Q 24.0 30.7 21.1 41.9 48.6 5 a . 5  25.8 29.6 7.8 26.2 
6/97 27.5 53.6 21.8 44.5 43.2 36.1 23.9 52.0 32.8 4.0 23.7 
6/88 39.6 38.3 22,3 47.2 45.B 39.U 27.3 39.1 36.1 6.1 22.4 
6/89 32.7 41.7 23.6 50.1 46.5 41.1 2.3 45.9 39.2 8.4 21.3 
61 10 35.9 43.9 26.2 52.5 48.2 42.6 36.1 48.7 41.0 6.0 19.2 
6/ 11 38.3 45.7 38.6 54.0 49.9 44.3 39.7 51.4 44.2 7.3 16.4 
6/12 40.2 46.7 34.8 54.9 51.7 46.0 42.9 53.3 46.4 6.4 13.9 
6/ 13 42.5 48.3 37.5 55.5 53.8 49.2 47.0 54.8 48.6 5.9 12.1 
6/14 45.1 49.4 39.6 56.5 56.5 51.8 49.2 56.4 58.6 5.7 11.3 
61 15 47.0 58.0 42.2 57.8 59.2 54.7 5.3 58.4 52.7 5.6 18.6 
6/16 58.4 52.3 44.3 59.1 62.1 56.1 52.2 60.5 54.6 5.6 18.2 
6/ 17 53.0 54.2 46.9 68.3 64.7 57.2 0 62.8 56.6 5.3 9.4 
61 18 55.1 55.9 49.3 61.2 66.1 58.2 56.5 62.8 58.4 4.8 8.3 
6/ 19 58.8 57.3 58.2 61.7 67.8 59.4 68.9 63.6 59.8 4.7 7. B 
6/28 66.0 56.1 51.5 62.3 67.8 68.8 62.3 64.1 61.8 4.4 7.2 
6/21 63.2 59.1 53.8 62.9 68.5 2 64.0 64.6 62.2 4.3 6.9 
6/22 65.1 68.2 54.4 63.7 69.4 63.7 65.4 65.2 63.4 4.2 6.6 
6/ 23 67.8 61.4 55.0 64.5 78.9 65.1 66.4 66.0 64.7 4.2 6.5 
6/24 79.2 62.2 57.7 65.4 72.3 66.2 67.5 66.7 66.0 4.2 6.4 
6/25 72.2 63.4 59.5 66.0 73.3 67.1 68.8 67.1 67.2 4.2 6.2 
6/26 73.8 64.3 60.8 66.4 74.3 68.2 78.8 67.6 60.2 4.3 6.2 
6/27 , 75.9 64.8 1 66.9 74.9 69.0 78.8 68.3 69.1 4.4 6.4 
6/28 76.9 65.5 63.6 67.5 75.3 69.9 72.1 68.0 70.0 4.3 6.2 
6/29 76.4 2 65.8 68.1 7!58 70.7 73.4 69.3 78.9 4.4 6.2 
6/30 79.9 67.0 66.3 68.5 76.3 71.0 74.2 69.8 71.7 4.5 6.2 
7/81 81.4 60.1 67.6 69.1 76.0 73.8 75.4 78.4 72.7 4.6 6.3 
7/02 03.0 69.1 6EI.8 69.5 77.7 74.1 77.0 71.0 73.9 5.8 6.7 
71 03 86.2 70.3 78.3 70.0 78.9 75.2 78.4 71.4 75.1 5.4 7.2 
7/04 88.9 72.0 71.3 78.8 88.1 76.5 88.0 72.2 76.5 5.9 7.7 
71 95 91.1 73.2 72.4 71.6 81.1 77.4 81.2 73.0 7?.6 6.2 8.8 
7/86 92.6 74.1 73.5 72.2 8 2 5  78.2 02.4 74.0 78.7 6.5 8.2 

-Continued- 



Appendix 84. Copper River curnul ative daily percent salmon escapement estimates 
a t  Miles Lake sonar project, 1978-1 985 (continued). 

kmmlrtiw Prrcmt m a w  
Daily 

Date 1976 1979 1988 1981 1 1983 1984 1985Percent SD. CV. 

7/87 
7/# 
7/83 
71 10 
711 1 
7/ 12 
7/13 
71 14 
7/15 
7/ 16 
7/17 
71 18 
7/19 
7 / 8  
7/21 
7 / B  
7/23 
7/24 
7/25 
7/26 
7/27 
7 / a  
7/29 
7/38 
7/31 
8dQl 
8 / L  
8/93 
8/04 
8/95 
8/86 
8/87 
8/00 
8/ 09 
6/10 
8/11 
8/12 
a/ 13 
8/14 
8/15 ---- 
Total 

70.9 83.4 74.9 79.6 6.6 0.3 
79.7 84.2 75.8 88.4 66 8.2 
80.3 84.9 77.3 81.3 6.4 7.9 
81.8 85.5 79.8 02.5 6.3 7.7 
01.8 86.1 81.0 4 6.1 7.4 
02.6 86.7 82.5 84.4 5.9 7.0 
83.4 87.5 83.7 85.2 5.8 6.8 
84.5 88.4 85.1 06.1 5.6 6.5 
85. 7 89.6 86.2 87.1 5.5 6.3 
87.8 90.6 87.4 88.1 5.5 6.2 
88.1 91.9 U.8 89.1 5.5 6.2 
88.9 92.8 70.0 96.2 5.1 5.7 
89.6 93.7 91.0 91.6 4.2 4.6 
%,3 94.3 92.9 93.0 3.3 3.6 
91.2 94.9 93,8 94.1 2.7 Z0 9 
8 95.5 94.6 %.9 2.4 2.5 
9.7 96.2 95.2 %S 2.8 2.2 
93.4 96.8 95.7 !Eel 2.8 2.Q 
94.3 97.2 96.3 9&7 1. B 1. B 
W.8 97.6 96.7 97'%.% 1.6 
!3%6 97.9 97.2 97.5 1. 4 :. 5 
96.6 98.1 97.9 97.9 1, 2 lo 2 
97.4 98.3 98.5 70.2 1.0 1.4 
98.0 98.5 39.2 98.6 0.9 8.7 
98.3 96.7 99.6 '3.9 8.8 8.8 
98.7 98.9 99.8 99.1 0.6 0.6 
99,1 1 188.8 39.4 0.5 ass 
99.5 99.3 100.0 99.6 6.4 8.4 

188.8 99.5 188.0 99.7 'a, 3 8.3 
8 99,7 ieae 99.8 0,2 0.2 
lWQI.'a 97.9 100.0 39.9 8.1 8.1 
1m.8 1w.e 1 ~ e . 0  188.8 .B .B 
1w.e lee.@ lee.$ :@.a .e .a 
1M.0 100.8 100.8 1Q8.8 ERR ERR 
188.8 100.0 100.3 iBB.6 ERR ERR 
100.0 100.6 10Q.b !BB.0 ERR ERR 
100.0 100.8 100.0 188.0 ERR ERR 
100.8 1W.B l@@i.B 100.0 ERR ERR 
100.8 100.9 100.8 189.8 ERR ERR 
1m.0 188.8 148.8 1N.0 ERR ERR 



1984 DAILY SOCKEYE COUNT 
Mifro h k 8  Sonar 

Data - 1984 Daily Count + Antfc. Dally 

1985 DAILY SOCKEYE COUNT 
MIle8  Laka Sonar 

32 

Data - 1985 OaIly Count + AntIc. Daily 

Appendix C1. Comparative annual p l o t s  o f  d a i l y  sonar counts as compared t o  
the  des i red  d a i l y  t i m i n g  curve p ro jec ted  t o  achieve the escape- 
ment goal o f  411,000 f i s h .  



1982 DAILY SOCKEYE COUNT 
Yllrs Lako Sonar 

- Date 
I082 Daily Count 4 Anffc. Daily 

1983 DNLY SOCKEYE COUNT 
Mtks beko Sonar 
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Appendix C1. Comparative annual p lo t s  of da i l y  sonar counts as  compared t o  
the  desired da i ly  timing curve projected t o  achieve the escape- 
ment goal of 411,000 f i sh  (continued).  

-46- 



SOCKEYE COUNT 
Ulles Loka Sonar 

Date - 1980 DalOy Count + Antlc. Dally 

1981 DAILY SOCKEYE COUNT 
Mlles Lake Sonar 
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Appendix C 1 .  Comparative annual p lots  of da i ly  sonar counts as compared t o  
the desired da i ly  timing curve projected t o  achieve the escape- 
ment goal of 411,000 f i sh  (continued).  



1978 DAILY SOCKEYE COUNT 
Mnme Lakm Sonar 

32 

5/17 epo I epa 6 a/o 1 9/16 7/23 1 e/i s 
Date - 7 978 Ba%)y Count + Chtjc. Daily 

1979 DAILY SOCKEYE COUNT 

Data - 1979 Daily Count + Antlc. Dally 

Appendix C1. Comparative annual p l o t s  of  d a i l y  sonar counts as compared t o  
t h e  d e s i r e d  d a i l y  t i m i n g  curve  p r o j e c t e d  t o  ach ieve t h e  escape- 
ment goal of 411,000 f i s h  ( con t i nued ) .  



T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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